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Introduction
As we can see some of them in [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , there are a lot of experimental and theoretical investigations focus on composites including fibers and nanofibers. It is very important to know the mechanisms of the fracture of the composites under uniaxial compression along the reinforcing elements. For this purpose it is needed to investigate the stability loss in the material structure (internal instability or structural). So, the theoretical investigations of the fracture on the unidirectional composites under uniaxial compression along the reinforcing elements are mean to investigate the stability loss in the material structure, and the value of the external critical forces is taken as the failure forces value in compression (see: [14, 15, [19] [20] [21] [22] ). The review of investigations carried out in this field is given in [4, 6, 12, 13, 17, 23] .
It follows from these review that, with the use of piecewise homogeneous body model, two approaches are used to investigate the fracture and the stability of the composite materials in compression along the reinforcing elements. One of them is certain hypotheses application related to deformation of each components and to the character of interacting between them. The other is application of the 3-D linearized theory of stability (TDLTS). The approaches related with the first one used in [14, 19-21, 24, 25] and others, but in the papers given in [5, 10, 13] and others the second approaches were preferred. It is clear that for considered problems, obtained results with the use of the TDLTS are more reliable than those obtained by use of the Authorʼs e-mail: kosker@yildiz.edu.tr approximate theories. However, in the studies done by use of the TDLTS listed above were used the time-independent materials.
In the papers [26, 27] , an approach is proposed to investigate stability loss in the time-dependent layered composite material using the TDLTS. In the paper [8] , the approach [26] is developed for the unidirected fibrous composite material. However in [8] , an infinite length fiber embedded into infinite viscoelastic is considered. The filler concentration in the composite is small and the interactions between the fibers is ignored in [9] , the approach given in [8] developed to take into account the interaction two fibers and it is assumed that the infinite viscoelestic media contains two neighboring fibers.
In [4] , the approaches [8, 9] are developed to analyze the stability loss in the infinite viscoelastic matrix containing a row unidirected periodically located elastic fibers. It is assumed that the midlines of the fibers are located in a plane and they have co-phase curving relative to each other.
In this investigation, the approaches [4] is developed to study the stability loss in the case where the midlines of the fibers are in parallel planes and the fibers have co-phase curving according to each other. This case will be called co-phase out of plane. The stability loss criterion is taken as the imperfection starts to increase and becomes indefinitely. By this way, in the considered problems, it is estimated the values of critical time which occurs as a result of the interaction between the fibers. Below, we will deal with determinations of these critical times values and the co-phase out of plane stability loss mode of row fibers will be investigated.
The investigations are made by the use of the piecewise-homogeneous body model in the framework exact 3-D geometrical non-linear equations of the linear viscoelasticity theory. Throughout the studies repeated indices are summed over their ranges, but underlined repeated indices are not summed. Furthermore, the tensor notation will be used to simplify the consideration.
Formulation of the problem
Periodically located row fibers embedded into an infinite body is considered. The fibers have insignificant initial imperfections. We associate
cylindrical co-ordinates system with the midline of each fiber, fig. 1 , ,..., 2, 1, 0,1, 2,..., q = −∞ − − +∞ denote the fibers number. As can be seen in fig. 1 between these co-ordinates we have the following relations:
It is assumed that the length of the period of the initial infinitesimal curving of the fibers is the same and the middle lines of the fibers are located in the parallel planes with respect to each other, we suppose that the middle lines of the fibers are in the plane 1 0 q x = . The equations of these lines are given:
By this initial imperfections, we will investigate the co-phase stability loss out of plane. Note that the corresponding results about stability loss mode of two fibers in a pure elastic matrix have been obtained in [13, 16] .
It is assumed that, the cross-section perpendicular to the middle line of each fiber is a circle with constant radius, R, and this is invariant along the entire length of the fiber. It is intro-
where, L is initial curving amplitude of the fiber and  is the length period of the initial curving. (L is smaller than  ). The degree of fiber's initial imperfection is characterized by this parameter.
The values related to the fibers will be denoted by upper indices, 2k, the values related to the infinite matrix will be denoted by upper index (1) . We assume that matrix and the fibers materials are homogeneous, linear viscoelastic, and isotropic. The development of the infinitesimal initial imperfection of the fibers is investigated when the body is compressed at infinity by uniformly distributed normal forces with an intensity p acting in the direction of fibers. For this purpose, in the cylindrical system of co-ordinates and in the geometrical non-linear statement and we write the governing field equations within the infinite matrix and fibers: 
We assume that, the completely cohesion conditions are satisfied on the inter-medium surface S k , fig. 1 : where qj n are the unit normal vector components of the surfaces q S . In addition, the conditions 
Method of solution
It is used a version of the boundary shape perturbation method [7] to investigate the corresponding problem. Using the fiber cross-section condition and eq. (2) 
The equation of the middle line of the k th fiber is denoted by
t ∈ −∞ +∞ is a parameter. The boundary shape perturbation method, the unknowns are presented in series
; ; ;
After some calculations, the following expressions are obtained from eq. (6) for the components of the unit normal vector to S k :
qk q t θ functions in eq. (8) can easily be calculated from eq. (6). For each approximation in eq. (7), a set of equations can be obtained by substituting eq. (7) in eq. (3). We expand each approximation (7) values in the series form in the vicinity of ( q r R = ,
= for each approach in eq. (7) is obtained by using qr n , q n θ , and qz n given in eq. (8) and substituting last expressions in eq. (5).
It is clear that, the eq. (3) are valid and the conditions (5) are replaced by the same ones satisfied in q r R = , From that, we obtain the following system of equations and contact conditions, respectively, for the zeroth approximation:
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If the last assumption is taken into account, the following system of equations can be obtained for the first approximation:
Additionally, the constitutive relations are written:
The contact conditions can be written as follows using physical components of the displacement vector and stress tensor for the first approximation:
The rest of the contact conditions are obtained from eq. (13) by means of cyclic permutation of the indices , r θ , and z only in the components stress tensor (the first index is permuted) and displacement vector. In eq. (13) the following notation is used:
We can obtain similar contact conditions for the subsequent approximations. Let as determine the unknown values of these approximations. Assume that the materials of each fiber are the same and the material of the fibers is pure elastic with elastic constants (2) E (Young's moduli), (2) ν (Poisson coefficient), material of the matrix is viscoelastic with operators (6). We will suppose (2) (1) 0 ν ν = , where
(t is time) and the stresses arising in the 0 th approximation as a result of (2) (1) ν ν ≠ for 0 t > will be ignored, because these stresses have an order (2) (1) ( ) O ν ν − and according to [12] , do not have only considerable effect on numerical results. Thus, taking the above stated into account consider the determination of each approximation separately.
Let us determine the zeroth approximation. This approximation has an exact analytical solution in the pure elastic case. Here, we obtain a solution to the corresponding quasistatic problem by replacing the elastic constants by corresponding operators. The followings are obtained: E and * (1) ν are the following operators:
It is time to get the first approximation. Using the solution of 0 th approximations, we derive the following for eq. (11).
( )
Equation (12) will not change, but, because of pure elasticity of the fiber material, eq. (12) for the fibers are replaced:
Moreover, the geometrical relations for both the matrix and fibers have the following form: (15), the contact conditions of the first approximation become:
where t (time) is a parameter in the all equations written for the fiber but an independent variable in the equations written for the matrix. Here, Laplace transform is applied:
with s > 0, to all relations and equations, except the contact relations (20) , belonging to the matrix material. From the procedure, eqs. (17) and (19) are valid for the Laplace transforms of the corresponding sought-for quantities and the constitutive relations (12) are transformed to the following ones:
(1 )(1 2 )
2(1 )
As it has been noted above, the eqs. (17)- (19) coincide with the corresponding equations of the TDLTS, therefore to solve the obtained equation systems we can use the following representations in the cylindrical system of co-ordinates (see: [16] ).
The functions ψ and χ are determined from the equations:
where 
Equations (23)- (25), are used for fibers and matrix. The quantities ( ) i u , λ , µ , and
λ ,
µ ,
,0 zz σ , respectively, for the matrix and by
µ , (1) 1 
( ) n C s are the complex numbers and satisfy the relations:
(2 ) (2 ) (2 ) 0 0 0
(1)
We want to obtain the expressions of the first approximation values of by satisfying the contact condition (20) . To make these operations, the expressions (26) and (27) ready present the expressions (26) in the q th cylindrical system of co-ordinates and it be used the summation theorem, Watson [28] , for the ( ) n K x function in expressions (27) . The theorem can be written for the case at hand:
Using eqs. (23)- (25), (27)- (29), and eq. (22) the expressions Laplace transform of the values of the first approximation related to the matrix are obtained. Now, we consider the determination of the inverse Laplace transform. For this purpose, we will use the Schapery [29] method. This technique is described in [30] .
Obtained infinite system must be replaced with the corresponding finite system of equations to get numerical results.. It can be proven the validity of these replacements. Note that such a proof was also performed in [7] . Consequently, we can replace algebraic equations infinite system by the following one for numerical investigations:
where 0,1, 2,..., n = ∞, 
Numerical results and discussion
We assume that the constitutive relations for the matrix material are described by the operators: 
S435
The Rabotnov operators be allowed to describe with required accuracy, the initial parts of the experimentally and theoretically constructed creep and relaxation graphs and to determine the asymptotic values of these graphs with very high accuracy. Moreover, these operators have many simple rules for various complicated mathematical transformations. So, these operators are employed successfully to describe various polymer materials and epoxy-based composites with continuous fibers or layers..
We introduce the dimensionless rheological parameter
ω ω ω ∞ = and the dimensionless time
Moreover, we introduce the parameters
κ = π  and investigate the internal stability loss of the infinite viscoelastic matrix containing a row fibers. Under internal stability loss we will understand the stability loss in the material structure, which arises for certain relations of the stiffness and geometrical parameters of the matrix and fibers and does not depend on boundary surfaces, sizes and forms of members of constructions. It is well known that under investigation of stability loss problems for viscoelastic materials the external compressive force p must satisfy the following inequalities:
where
. cr ∈ obtained at t′ = ∞. A lot of investigations reviewed in [4] show that, the internal stability loss phenomenon for unidirected fibrous composites occurs under (2) (1) 0 E E > . Thus, taking the previously-stated consideration into account we analyze the numerical results related to the internal stability loss of the considered viscoelastic matrix containing a row of fibers.
First, we consider numerical results related to the internal stability loss in the previously described sense for the pure elastic deformation state under 0 t′ = and t′ = ∞. Consider the case where (2) (1) 0 / 50 E E = (for all numerical investigation we will assume that (2) (1) 0
) and introduce the parameter 12 / R R ρ = through which we will characterize the interaction between the fibers under their stability loss. The corresponding results obtained for .0 cr ∈ and . cr ∞ ∈ for various values of ρ and ω are given in tab. 1. Note that these results relay to pure elastic problem and coincide with corresponding obtained in [10] . Table 1 ∈ ) obtained for a single fiber [11] .
In fig. 2 the graphs of the dependencies between . As it has been previously noted, the numerical results analyzed here are obtained within the framework of the first approximation. Under obtaining these results the infinite system of equations are replaced by the corresponding finite one. For the illustration of the numerical results with respect to the number of the equations in this finite system in tab. 
for various ∈. It follows from these table that the convergence of the solution method employed is highly effective. 
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Conclusions
In the present paper, the internal stability loss (microbuckling) in the structure of the viscoelastic unidirected fibrous composites under compression along the fibers is studied within the framework of the piecewise homogeneous body model with the use of the 3-D geometrically non-linear exact equations of the theory of viscoelasticity. This study concerns mainly the cases where the interaction between the fibers is taken into account and all investigations are carried out for the infinite viscoelastic matrix containing a row of fibers.
As a microbuckling criterion the initial imperfection criterion is used and two cases of the location of the initial imperfect fibers (co-phase periodical curving of the fibers out of plane) with respect to each other are considered. For the stability of the rising of the initial imperfection with the time under fixed external compressed forces the 3-D geometrically non-linear exact equations of the theory of viscoelasticity is employed. Introducing the dimensionless small parameter characterizing the degree of the insignificant initial imperfection for the solution to the corresponding non-linear boundary value problem, the perturbation of the boundary-shape method is employed. It is proven that the equations and relations related to the first approximation are the corresponding equations and relations of the TDLTS. For first approximation the corresponding closed system of linearized equations and contact conditions are obtained and for the solution of these equations the Laplace transformation with respect to time and method of separation of variables are employed. For determination of inverse Laplace transform the Schapery method is used. It is proven that the values of the critical parameters can be determined in the framework of the zeroth and first approximations only (see: [9] ). So, these parameters have been determined in the framework of the 0 th and first approximations.
The numerical results related to the critical time are also analyzed. According to these results it is established that, for the considered microbuckling mode of the fibers as a result of the interaction between the fibers the values of the critical time decrease. Further, this interaction is more significant than that in the pure elastic buckling. The numerical results obtained in the present work in the particular cases coincide with the corresponding ones obtained in the other investigations. This situation guaranties the correctness of the developed approach. 
